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METHOD AND APPARATUS FOR
INITIATING A WELDING ARC USING A
BACKGROUND CIRCUIT

FIELD OF THE INVENTION

The present invention relates generally to a method and
apparatus for initiating a welding arc, and more speciiically
to a method and apparatus for initiating a welding arc using
a lift arc start method.

BACKGROUND OF THE INVENTION

Many methods of welding are known 1n the art, each with
its own advantages and disadvantages. Common welding
processes 1nclude gas welding, oxyacetylene brazing and
soldering, shielded metal arc welding (SMAW) or “STICK”
welding, metal inert gas (MIG) or “wire feed” welding, gas
tungsten arc welding (GTAW) or “TIG” welding, and
plasma cutting. TIG welding 1s perhaps the cleanest, most
precise ol all hand-held welding operations. Although the
method and apparatus of the present invention 1s preferably
directed to a TIG welding process, one skilled 1n the art will
appreciate that the present invention may have applications
in many other welding operations.

A TIG welding process will now be described with
reference to FIG. 1. In TIG welding, a concentrated high-
temperature arc 1s drawn between a non-consumable tung-
sten electrode 10 and a workpiece 14, workpiece 14 being
connected to the output of a welding power source (not
shown) via a work clamp 24. Electrode 10 rests in a torch 16,
the torch including a protective gas source 18, such as a cup,
to direct a protective gas 20, such as argon, helium, a
mixture thereof, or other inert or non-inert gasses, to a
welding site 22 on workpiece 14. Torch 16 receives a flow
of protective gas 20 from a gas supply (not shown). The
welder strikes an arc by touching or scraping electrode 10
against workpiece 14 to close a circuit between electrode 10
and work clamp 24. As electrode 10 1s drawn away from
workpiece 14, an arc 12 1s mitiated. The welder then feeds
a bare welding rod 26 to welding site 22, thereby creating a
molten puddle 28. Molten puddle 28 hardens to leave a weld
bead 30 joining two pieces of metal.

Numerous problems persist with this physical method of
striking an arc because the tip of the tungsten electrode
becomes molten from the current Hlowing between the
clectrodes and the workpiece. When the electrode 1s pulled
back from the workpiece, the molten tungsten 1s left behind
in the weld puddle. In certain circumstances, this contami-
nation can cause a failure in the weld. Also, the welder must
then resharpen or replace the electrode. Not only does this
process 1nconvenience the welder, but 1t also wastes time

and resources, which ultimately imparts a higher cost to each
weld.

One known solution to the above problems has been to
use a high frequency signal to mnitiate and maintain the arc.
A high frequency signal 10nizes the protective gas, allowing,
the welding power to jump the gap between electrode and
workpiece. However, high frequency, too, has its drawbacks.
The high voltage, low amperage noise from the high fre-
quency circultry often causes electrical interference with
surrounding equipment, making its use unacceptable 1n
certain applications. Also, the HA can be tough on TIG
torches and work leads because the high voltage causes a
stress to be applied to the insulation of the weld cables.

Another arc starting method which avoids the problems
associated with the scratch start 1s the “lift” arc method. Lift

arc starting involves touching the electrode to the workpiece
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without the necessary scraping to generate a spark. Known
l1ft arc methods utilize a separate low-current power circuit,
in addition to the power circuits already present 1n a welding
device, to create a small monitoring voltage between the
clectrode and work clamp. Control circuitry monitors the
voltage between the electrode and work clamp and, when a
short 1s detected (i.e., the electrode has been touched to or
brought in close proximity with the workpiece), enables the
power circuit to provide an initial regulated current to warm,
but not melt the electrode. When the control circuitry detects
a significant torch-to-work voltage (i.e., the electrode is no
longer touching or 1s not in close proximity to the
workpiece), the control circuitry enables the power circuit to
provide full user-selected welding power. However, the
separate power circuit required to provide the small moni-
toring voltage leads to additional cost and complexity of the
circuitry in the welding power source. Furthermore, existing
lift arc start methods fail to reliably regulate the output
current level before and after the short 1s detected.

Accordingly, there 1s a need for a method and apparatus
for imitiating and maintaining a welding arc that overcomes
the limitations of known arc starting methods, such as the
problems associated with a scratch start, the disadvantages
of using a high frequency circuit, and the need for additional
costly and complex circuitry. Moreover, such a method and
apparatus would reliably regulate the output current both
before and after a short 1s detected 1n the lift arc start.

SUMMARY OF THE INVENTION

These and other needs are accomplished by the method
and apparatus of the present mnvention 1n which, according,
to one embodiment, a welding device includes a power
circuit to provide an output current that creates an arc
between an electrode and a workpiece, the power circuit
having a control 1input. The welding device further includes
a supplemental power source or background circuit to main-
tain the arc during a low power welding process by provid-
ing a supplemental voltage at the welding output, and a
control circuit to monitor the supplemental voltage. When
the supplemental voltage is below a predetermined voltage,
the control circuit provides a control signal to enable the
flow of output current from the power circuit.

According to one feature of the invention, the control
circuit provides a second control signal to regulate the flow

of output current when the supplemental voltage exceeds the
predetermined voltage.

In another aspect of the invention, the power circuit 1s a
phase-controlled power circuit.

According to another embodiment of the present
invention, a method for 1nitiating an arc includes applying a
background current and voltage to a power output to main-
tain the arc during a low power welding process, monitoring
the magnitude of the background voltage, and enabling a
flow of output current to the power output when the back-
oround voltage indicates that the electrode 1s 1n close
proximity of the workpiece.

BRIEF DESCRIPTION OF THE DRAWINGS

The preferred exemplary embodiment of the invention
will hereinafter be described 1n conjunction with the
appended FIGURES, in which like reference numerals
denote like elements and:

FIG. 1 illustrates the components used to perform a TIG
welding operation as 1s known 1n the art;

FIG. 2 1s a block diagram of a welding device according,
to a preferred embodiment of the present invention, the
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welding device having the capability to start an arc for
performance of a welding process, such as the TIG welding
process shown 1n FIG. 1;

FIG. 2A 15 a schematic of a background circuit according,
to a preferred embodiment of the present invention; and

FIG. 3 1s a flowchart showing the steps of the method that
the welding device of FIG. 2 follows to start a welding arc
in accordance with a preferred embodiment of the present
invention.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

Referring to FIG. 2, there 1s shown a block diagram of a
welding device 40 according to a preferred embodiment of
the present invention. Welding device 40 includes a power
source 42, and may include other welding equipment not
shown such as torch 16, a gas supply, a stand and other
welding components well-known 1n the art. Welding device
40 1s preferably a TIG/STICK welding device, allowing the
welder to use device 40 for either TIG or STICK welding by
selecting the appropriate operation via user interface 44 and
attaching the necessary welding equipment, ¢.g. a torch and
cgas supply for TIG welding, or an electrode holder for
STICK welding.

Power source 42 includes a power circuit 46. Power
circuit 46 receives mput power from a power mput 48 and
converts 1t to both AC and DC welding power available at
AC and DC power outputs 50, 78 and 52, 76, respectively.
Power circuit 46 1s preferably a phase-controlled power
source utilizing silicon controlled rectifiers (SCRs) to con-
vert power received at power mput 48 to usable welding
power, as 1s well-known 1n the art. Alternatively, one skilled
in the art could apply the principles of the present mnvention
to other well-known power converter and converter topolo-
o1eSs

A controller 56 1s operatively coupled to power circuit 46.
Controller 56 includes a microprocessor, preferably an Intel
80C196K(C-20 which performs many control functions in
welding device 40. Alternatively, controller 56 could include
discrete component control circuitry to perform these con-
trol functions. Controller 56 controls the output power from
power circuit 46 by generating control signals at path §7 to
control the switching components (e.g., the SCRs) in power
circuit 46.

Controller 56 receives user-selected operating parameters
from user interface 44. In this preferred embodiment, user
interface 44 includes a plurality of selectors (not shown)
operable by the user to select a welding process (STICK/
TIG), a current control (PANEL/REMOTE), an output con-
trol (ON/REMOTE), a start mode (OFF/LIFT/HFSTART/
HEFCONT), a pulser function and parameters related thereto,
a positive/negative balance control for AC TIG welding, a
DIG control for STICK welding, an amperage level, a spot
welding operation, and a sequence selection such as start
current, final (crater) current, or both. Controller 56 also
transmits to user interface 44 information about the welding
operation that 1s valuable to the welder, mcluding arc
voltage, arc amperage, and preferred selector settings. Con-
troller 56 1s further coupled to a pulser circuit 62 for
performing a pulser function as 1s well-known 1n the art. A
memory 38 1s coupled to controller 56 for storing data
including the settings of the selectors on user interface 44 for
future recall after power-down or between welding cycles.

Referring still to FIG. 2, controller 56 receives current
feedback signals indicative of the DC output current level
from DC power output 52, 76 via a current feedback path 64.
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Controller 56 also receives voltage feedback signals indica-
tive of the voltage at a power output 68 via voltage feedback
path 66. Power output 68 includes an electrode terminal 74
adapted to receive a torch electrode and a work clamp
terminal 72 adapted to receive a work clamp or other
workpiece reference element. A power selector 70 provides
user-selectable control of the type of output power provided
at power output 68 (e.g., AC, DC electrode negative, or DC
electrode positive).

Welding device 40 further includes a supplemental power
source, such as a background circuit 54 which, typically
during DC welding processes, 1s enabled by controller 56 via
a control mput 55 to maintain the welding arc during low
amperage welding conditions (1.e., at output current levels of
approximately 15 amperes or less). Background circuit 54
receives mput power from power circuit 46 along path 47
and applies a small, supplemental amount of power to DC
power output 52, 76, which 1s provided to power output 68
when a DC output 1s selected via power selector 70. The
supplemental power 1s needed to maintain the welding arc
because, at low amperage conditions, the output current
provided by power circuit 46 may be discontinuous, which
may allow the welding arc to extinguish. Background circuit
54 may be any type of power source capable of providing a
small, supplemental voltage and current (i.e., power) at

power output 68, such as the exemplary background circuit
illustrated 1n FIG. 2A.

Referring now to FIG. 2A, FIG. 2A 1s a schematic of a
background circuit according to an exemplary embodiment
of the present mvention. Background circuit 54 receives
input power from power circuit 46, such as via a secondary
winding 140 off the power circuit’s main power transformer
141. Background circuit 54 includes a full wave bridge
rectifier 142 coupled to secondary winding 140 for rectify-
ing the AC signal. Background circuit 54 also includes a
capacitor 144 and resistor 146 for filtering the rectified
signal waveform to a substantially DC signal. This substan-
tially DC signal 1s provided to the background circuit output
59 only if enabled by controller 56 through switching
network 160. Switching network 160 responds to an enable
or disable signal received on control mnput 35 by closing or
opening relay switches 150, 154, respectively. Switching
network 160 further includes snubbers 148, 152, or similar
filtering devices for removing voltage spikes due to the
switching of relay switches 150, 154. Backeround circuit 54
further includes a current-limiting resistor 151 coupled to
the output of switching network 160.

Controller 56 also receives remote control 1inputs from an
input device 84 through a remote control circuit 86 via a path
85. Input device 84 1s user-operable and can be used to
control welding power output. The flow of protective gas 1s
also controlled by controller 56. In this embodiment, a
control signal 1s sent from controller 56 via a path 88
through a flow control circuit 92 to a flow control meter 90.
Flow control meter 90 is coupled to a gas supply (not shown)
for regulating the flow of protective gas from the gas supply
to the welding site (see FIG. 1). Alternatively, flow control
meter 90 could be internal power source 42 with a gas tlow
channel (not shown) extending from the gas supply, through
power source 42, through tlow control meter 90, then out to
torch 16 for provision to welding site 22 through gas source

18.

Power source 42 may have more or fewer functions than
those 1llustrated in FIG. 2 without departing from the scope
of the present invention (e.g. power source 42 may not
include pulser circuit 62). Additionally, embodiments of the
functions shown may be wide and varied. For example,
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input device 84 could be a finger trigger, a foot pedal, or
some other type of input device.

Referring now to FIG. 3, FIG. 3 1s a flowchart showing the
steps of a method for mitiating a welding arc according to a
preferred embodiment of the present invention. The method
steps are preferably controlled by controller 56, according to
program code stored within controller 56, in conjunction
with the various circuitry described above with reference to
FIGS. 2 and 2A. The method of FIG. 3 preferably starts a
DC TIG process. However, the method, and derivations
thereof, will find applications 1n other welding processes and
start modes.

Referring to FIG. 3, the welder begins by setting welding
device 40 to DC TIG and the start mode to LIFT start via
user 1nterface 44. User mterface 44 may also be used at this
fime to select other welding parameters, such as the welding
current level and the pulser function. When output control is
turned ON, either by a selector on user interface 44 or by
remote mput device 84, start mode 100 begins. At a step 102,
controller 56 enables background circuit 54, which then
applies a background voltage at power output 68, preferably
having a magnitude of approximately 58 volts DC (VDC),
although the magnitude could be in the range of approxi-
mately 1 VDC to approximately 100 VDC. Controller 56
monitors power output 68 via voltage feedback path 66.
Power output 68 alternatively could be monitored by any
type of monitoring circuitry that 1s configured to provide
feedback signals to controller 56 that are representative of
the voltage at power output 68.

At a step 104, the power output 68 1s monitored to
determine when the welder has touched or brought electrode
10 1n close proximity to workpiece 14. That 1s, power output
68 1s monitored to determine when a short circuit has
occurred which will correspond to a drop 1n the background
voltage at power output 68 to a magnitude between approxi-
mately 2 VDC and approximately 6 VDC, and preferably to
a magnitude less than or equal to 4 VDC.

Once a short 1s detected at step 104, controller 56 enables
a flow of protective gas by sending an enable signal along
path 88, through flow control circuit 92 to flow control meter
90 (step 106). Also when the short is detected at step 104, at
a step 108, controller 56 enables power circuit 46 to provide
a flow of output current at power output 68 by providing a
control signal at control input 57. In the preferred
embodiment, controller 56 enables power circuit 46 to
provide a low level of output current that ramps up to a final
level of, for example, 40 amperes. The final level may be
more or less than 40 amperes, provided that the final current
level, 1n conjunction with the ramp-up time, 1s sufficient to
pre-heat electrode 10 without melting electrode 10, thus
preventing sticking of the electrode to the workpiece. Con-
troller 56 receives current feedback signal 64 to assist in
regulating the flow of output current at the final level.

Next, to draw the arc, the welder must remove electrode
10 a distance from workpiece 14. At a step 110, controller 56
1s able to detect that the electrode has been removed and,
thus, that the short has cleared by again monitoring power
output 68 via voltage feedback path 66. When an output
voltage at power output 68 of more than about 4 VDC 1s
detected, the short 1s deemed cleared and a welding arc
should be mitiated. At a step 112, controller 56 delays for
approximately 20 milliseconds to ensure that a valid arc has
been established (i.e., the output voltage remains in a range
of approximately 4 VDC to 50 VDC). After the delay of step
112, at a step 114, controller 56 applies a control signal to
control input 57 to cause power circuit 46 to regulate the
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flow of output current to the selected welding current level.
When a valid arc has been established for about 0.75

seconds (step 116), controller 56 enables pulser circuit 62 if
it has been selected (steps 118 and 120). Although the output

voltage at power output 68 that 1s indicative of a valid arc
preferably 1s between about 4 VDC and 50 VDC, higher and
lower voltages are possible.

Although the foregoing description has been provided for
the presently preferred embodiment of the ivention, the
invention 1s not intended to be limited to any particular
arrangement, but 1s defined by the appended claims. For
example, a method for 1nitiating and maintaining a welding
arc need not 1nclude all of the steps of start mode 100, nor
neced the method include all the same time periods and
amperage values as 1n the presently preferred embodiment.
Reasonable ranges as would be known to those skilled 1n the
art should be presumed to be part of the present invention.
Likewise, although DC TIG 1s the preferred process in this
embodiment, the present invention has applications in
numerous other welding processes and devices. These and
other alternative configurations of the invention that may
occur to those skilled 1n the art are intended to form a part
of the invention to the extent such alternatives fall within the
scope of the appended claims.

What 1s claimed 1s:

1. A welding device having a welding output, the welding
device being configured to provide a flow of output current
that creates an arc between an electrode and a workplace
coupled to the welding output, the welding device compris-
ng:

a power circuit to provide the flow of output current, the

power circuit having a control input;

a supplemental power source to maintain the welding arc
between the electrode and the workpiece during a low
power welding process, the supplemental power source
providing a supplemental voltage at the welding out-
put; and

a control circuit to monitor the supplemental voltage, the
control circuit providing a first control signal at the
control input of the power circuit to enable the flow of
output current when the magnitude of the supplemental
voltage at the welding output 1s less than or substan-
tially equal to a predetermined magnitude.

2. The welding device as recited 1n clam 1, wherein the
predetermined magnitude 1s between approximately 2 volts
and 6 volts.

3. The welding device as recited 1n claim 1, wherein the
predetermined magnitude 1s approximately 4 volts.

4. The welding device as recited 1n claim 1, wherein the
control circuit provides a second control signal at the control
mput of the power circuit to regulate the flow of output
current at a selected welding current level when presence of
an arc 1s detected.

5. The welding device as recited 1n claim 4, wherem the
presence of the arc 1s detected when the control circuit
detects an output voltage at the power output having a
magnitude between approximately 2 volts and 6 volts.

6. The welding device as recited 1 claim 4, wherein the
presence of the arc 1s detected when the control circuit
detects an output voltage at the power output having a
magnitude of approximately 4 volts.

7. The welding device as recited 1 claim 1, wherein the
power circuit 15 a phase-controlled power circuit.

8. The welding device as recited in claim 1, the control
circuit providing the first control signal at the control input
of the power circuit to enable the flow of output current
when the magnitude of the supplemental voltage at the
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welding output indicates a short circuit between the elec-
trode and the work piece.

9. Amethod for initiating an arc between an electrode and
a workpiece coupled to a power output of a welding device,
the method comprising:

applying a background current and a background voltage
at the power output to maintain the arc during a low
power welding process;

monitoring the background voltage; and

enabling a flow of welding current to the power output
when the magnitude of the background voltage applied
at the power output indicates that the electrode 1s 1n
close proximity to the workpiece.

10. The method as recited 1n claim 9, wherein the mag-
nitude of the background voltage indicates that the electrode
1s 1n close proximity to the workpiece when the magnitude
1s between approximately 2 volts and 6 volts.

11. The method as recited 1n claim 9, wherein the mag-
nitude of the background voltage indicates that the electrode
1s 1n close proximity to the workpiece when the magnitude
1s approximately 4 volts.

12. The method as recited in claim 9, wherein enabling the
flow of welding current includes enabling a phase-controlled
POWET CIrcuit.

13. The method as recited 1n claim 9, further comprising
regulating the flow of welding current to a welding current
level when the magnitude of on output voltage at the
monitored power output indicates the presence of an arc
between the electrode and the workpiece.

14. The method as recited 1in claim 13, wherein the
magnitude of the output voltage indicates the presence of the
arc when the magnitude is greater than approximately 4
volts.

15. The method as recited 1n claim 9, wherein the flow of
welding current 1s enabled when the magnitude of the
background voltage applied at the power output indicates a
short circuit between the electrode and the workpiece.

16. A welding device having a welding output, the weld-
ing device being configured to provide a flow of output
current that creates an arc between an electrode and a
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workpiece coupled to the welding output, the welding
device comprising:
a phase-controlled power circuit to provide the flow of

output power, the phase-controlled power circuit hav-
ing a control mput;

a background circuit to maintain the arc between the
clectrode and the workpiece during a low power weld-
ing process, the backeground circuit providing a back-
oround voltage at the welding output; and

a control circuit to monitor the background voltage,
wherein the control circuit provides a first control
signal at the control input of the power circuit to enable
the flow of output current when the magnitude of the
background voltage at the welding output indicates that
the electrode 1s 1n close proximity to the workpiece, and
provides a second control signal at the control mput to
regulate the flow of output current to a welding current
level when the control circuit detects an output voltage
at the welding output that indicates presence of the arc
between the electrode and the workpiece.

17. The welding device as recited in claim 16, wherein the
background voltage indicates that the electrode 1s 1n close
proximity to the workpiece when the magnitude 1s less than
or substantially equal to 4 volts.

18. The welding device as recited in claim 16, wherein the
background voltage indicates that the electrode 1s 1n close
proximity to the workpiece when the magnitude 1s between
approximately 2 volts and 6 volts.

19. The welding device as recited 1n claim 16, wherein the
output voltage indicates the presence of the arc when the
magnitude 1s greater than 4 volts.

20. The welding device of claim 16, wherein the control
circuit provides the first control signal at the control 1nput of
the power circuit to enable the flow of output current when
the magnitude of the background voltage at the welding
output indicates a short circuit between the electrode and the
workpiece.
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